The overconsolidation ratio of eemian gyttja determination. The overconsolidation ratio is an important parameter that determines the value of stress history exerted in the past on the subsoil in the geotechnical engineering. Overconsolidation ratio (OCR) is one of the main criteria conditioning soil behavior and characteristics. To know the relation between geological background, history and mechanical behavior of the soil, aims a knowledge that can help engineers who often have to predict soil behavior based upon the soil geological history and a geotechnical data. In order to evaluate the overconsolidation ratio of eemian gyttja, it is necessary to restore this soft soil as much as possible to the in situ conditions. The eemian gyttja is an organic soft soil from the "Zoliborz channel" located in Warsaw. These soils are used as a base construction in the foundation engineering. In practical geotechnical engineering, evaluation of stress history is based on the overconsolidation ratio. The overconsolidation ratio is one of the basic parameters for the geotechnical design of the structure. Determination of this parameter using for example dilatometer tests, is usually based on empirical formulas which were established in different countries. Therefore, regional geotechnical conditions could have substantially affected on the empirical relationships. The laboratory tests are used to determinate the preconsolidation pressure and then the overconsolidation ratio. The laboratory tests were made in the automatic oedometer and the in situ tests were carried out on the dilatometer test (DMT). The paper presents results of determination the overconsolidation ratio of eemian gyttja from the laboratory and in situ tests. The studies have shown that the values of the overconsolidation ratio determination from the laboratory tests are a little higher than determination from the in situ tests.
INTRODUCTION
Preconsolidation pressure is an important soil parameter that represents the stress history of a subsoil. In situ soil has been subjected to a maximum overload in its history. Overconsolidation ratio (OCR) is described as the ratio of previous maximal preconsolidation pressure (σ' p ) and current effective geostatic stress (σ' vo ). The soil can be nonconsolidated (OCR < 1.0), normally consolidated (1.0-1.5), overconsolidated (1.5-10.0) and higly overconsolidated (OCR > 10.0). The reduction of in situ pressure can be caused by natural geological processes (i.e. melting of glacial ice, tectonic movements, precipitation of cementing agents) or human effects (i.e. excavation). When the present effective vertical stress is less than this maximum, the soil is overconsolidated.
The overconsolidation ratio is one of the basic parameters for the geotechnical design of the structure. In situ dilatometer test is usually used to determinate the overconsolidation ratio, based on empirical regional formulas Skutnik 2010, Lechowicz et al. 2014 ). In the laboratory tests, the preconsolidation The overconsolidation ratio of eemian gyttja determination MAREK BAJDA, EDYTA E. MALINOWSKA Faculty of Civil and Environmental Engineering, Warsaw University of Life Sciences -SGGW pressure is determined out of the results of the oedometer test and then the OCR is calculated. The most important is to determinate the preconsolidation pressure from the laboratory tests. It is necessary to indicate the proper average value of time for the transition from primary to the secondary compression -t a (Malinowska 2016) .
There is a number of theoretic and empiric correlations to establish the OCR (Mayne 2001). However, it is essential to try the theory in practice for each type of the soil under the geological conditions (Szymański 2000) . Nevertheless, it is usually confi ned with the opinion that due to the size of glacier the majority of soils prevailing in our territory are overconsolidated or highly overconsolidated, and that the OCR values decrease with the declination of the depth (Urbaitis et al. 2016 ).
MATERIAL AND METHODS
In situ investigations using dilatometer test (DMT) were performed in the "Zoliborz channel" that is located in the western part of Warsaw, where sedimentation of organic soils took place during the Eemian Interglacial. The channel is about 12 km long and nearly 800 m wide in its central part. In the "Zoliborz channel", the organic soils, i.e. organic mud and gyttja, reach a thickness of up to 10 m (Fig. 1) . The DMT test was made from the bottom of excavation with a depth of 5.0 m. The calculation included the weight of excavated soil.
The type of soil samples, the laboratory methods and in situ methodology were described by Bajda and Malinowska (2016) . The physical laboratory tests were carried out on two undisturbed eemian gyttja's samples and included: general index tests for classifi cation and characterization of the gyttja according to PN-EN ISO 14688:2006 -density, grain size distribution and measurement of compressibility tests. The samples of the eemian gyttja have been retrieved from 7.2 m depth (2.2 m below the bottom of excavation) using a Shelby sampler. The physical properties of tested samples are shown in Table 1 .
To obtain the overconsolidation ratio from in situ test, the DMT test was carried out in the analyzed subsoil.
The methodology of standard DMT test is widely known and detailed procedure for conducting the test which has been presented by Marchetti (Marchetti 1980 , Marchetti et al. 2001 , Marchetti et al. 2008 .
Profi les of data from the DMT test were carried out in the subsoil of the test site, as profi les of the material index (I D ), constrained modulus (M), undrained shear strength (c u ) and lateral stress index (K D ) are presented in Figure 2 .
Different methods, known in the geotechnical research, were used to calculate the overconsolidation ratio (OCR) of eemian gyttja. The overconsolidation ratio is defi ned as:
(1) FIGURE 2. Profi le of data from DMT test
where: -preconsolidation pressure;
-vertical effective stress.
The value of the preconsolidation pressure p is usually determined from and on the results of oedometer tests. The preconsolidation pressure can be also determined from DMT data according to formula (Mayne 1995): (2) where: p 0 -corrected DMT contact pressure; u 0 -hydrostatic water pressure.
In situ tests, e.g. dilatometer tests, can characterize the variation of OCR with depth and are valuable tools for geotechnical engineers.
Using the correlation between the OCR and the lateral stress index (K D ) for soils with the material index I D > 2.0 and for cohesive soils where I D < 1.2, the following correlations were proposed by Marchetti (1980) :
It is important to note that the estimation of the overconsolidation ratio from dilatometer tests depends on empirical and local experience. Many studies have been performed to improve the original correlations proposed by Marchetti, however they were mostly limited to mineral soils.
Experience from organic soils indicates that the relation between the overconsolidation ratio (OCR) and the lateral stress index (K D ) is as follows (Lechowicz 1997):
To determinate the overconsolidation ratio from laboratory test, the automatic oedometer test (ACONS) was carried out in the analyzed subsoil.
To receive the overconsolidation ratio from the laboratory tests, the preconsolidation pressure from the oedometer tests should be performed fi rst. The samples were divided into three groups according to the known preconsolidation pressure, load duration and load ratio. The samples were consolidated up to pressure of 120 kPa, then the pressure was released to 25 kPa, and then the standard consolidation tests were started from 120 kPa to 1,500 kPa. To determinate the preconsolidation pressure, mainly the relationship between the stress and void ratio or strain is used. Nevertheless, it is extremely hard to fi nd the average value of time for the transition from primary to the secondary compression, called t a , because of the average value of time for the transition and from secondary to the tertiary compression is called t k , that is starting right after the primary consolidation (Malinowska 2016) .
There were several methods used to estimate preconsolidation pressure presented in Figure 3 . Tavenas et al. (1979) , Sridharan et al. (1991) and Senol new methods (Senol and Saglamer 2000) are the direct determination methods of preconsolidation pressure, whereas Casagrande (1936), Van Zelst (1948) , Schmertmann (1953) and Sällfors methods (1975) are the graphical ones. In this paper, seven of them that utilizes different axes are considered: Casagrande method: e -log(σv') (6) Van Zelst method: ΔH/H -log(σv') (7) Schmertmann method: e -log(σv') (8) log(1 + e) -log(σv') (11) Senol and Saglamer method: 
RESULTS
Using Equations (4) and (5), the SDMT profi les, shown as values of the overconsolidation ratio and the preconsolidation pressure, were determined in the subsoil of the test site (Fig. 4) . To receive the overconsolidation ratio from the laboratory tests, the preconsolidation pressure from the oedometer tests (ACONS) were performed fi rst. There are only some, the most correlated to the in situ test results presented in Figures 5 and 6 .
The results with seven methods used for obtaining the overconsolidation ratio (OCR) are presented in Table 2 . SUMMARY AND CONCLUSIONS For in situ tests the overconsolidation ratio is obtained directly from the SDMT tests but the correlations presented in the literature are regional and cannot be used uncritically.
At fi rst, in the laboratory conditions, the vertical strain under different stress values should be determined. Then the preconsolidation stress is obtained and the overconsolidation ratio is calculated. A comparison between results obtained from SDMT tests and laboratory tests has been made.
The following conclusions can be drawn from the in situ and laboratory test results presented in the present paper: in situ tests, such as SDMT, are the best way of geotechnical parameters estimation for organic soils. It is due to high sensitivity of these soils to changes of water content and diffi culties with good quality undisturbed soil sample collection for laboratory tests; the value of the overconsolidation ratio received by using empirical formulas on the basis of results of SDMT, differs from values obtained on the basis of oedometer tests; for the in situ test results, the overconsolidation ratio has been obtained using some formulas and the values are between 1.0 and 1.3; for the laboratory oedometer test results, the overconsolidation ratio has been obtained by seven methods and the values are between 1.7 and 4.76; the values of the overconsolidation ratio obtained from the laboratory methods are higher than values from the in situ ones; the relationship between void ratio and logarithm of the vertical effective stress seems to be the most accurate for determination of the preconsolidation pressure; to obtain the overconsolidation ratio, in both laboratory and in situ meth- ods, the local conditions should be considered; further studies are necessary to verify the correlations used for organic soils to fi nd the empirical regional formulas for estimation of the overconsolidation ratio.
